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Abstract – The aim of this study is to  design a device that can 
monitor and control pH levels, temperature and water level. As 
a testing groud, a water bath with the size of 100 cm x 40 cm x 
60 cm in size is built. In the system design, there are several 
parts of the input sensors such as pH sensor, LM35 
temperature sensor, ultrasonic distance sensor, and an output 
section as three pump motors, a valve, and a waterwheel driven 
by a 12-volt dc motor. ATMega328P  microcontroller is 
embedded as the data processing of sensor which would then 
provide output signal to drive the actuators. Outcome data will 
be displayed on a PC or sensor readings. We uses C 
programming language and Borland Delphi 7 to develop a user 
interface. The result of this study indicates that the system 
designed can control the pH value in the range between 6.0 to 
8.5. It can also  control the water level between 34-43cm. The 
temperature is controlled by adjusting the rotation speed of the 
motor in such as way that the water oxigen will be increased. 
Thus it can indirectly reduce water temperature in daylight. 
 
. 
I. Introduction 
       Fishery is one of potential resources for a country. 
Development of cultivation gaff shrimp in future will be 
important in building hatchery sector in Indonesia. Control 
of pH-level of water in pond hatchery shrimp so far is still 
made manually. The fisheries first measure pH of water 
using pH meter  and litmus paper and then add same water 
as much as needed and measure again with sensors to check 
if the water is really neutral or not. The same manual ways 
are also done to control temperature and water volume. 
In this paper we present a  monitoring and control 
system that can observe the changes of water parameters and 
control the parameters until they are steady in a condition 
whose value is in accordance with the standard requirements 
of water in a seeding pond of shrimps. 
On the previous studies with a title “Pengendalian pH 
air dengan metode PID pada model tambak udang” 
(Kristianto, 2011 ), this research results in a control of pH 
and water levels with PID control method, in which the 
value of the parameters ti, and td are first determined. pH 
values is fixed on one point. Thus it is less flexible and less 
properly applied at hatchery pond of shrimps, because 
characteristic of shrimps require variation pH values with 
certain range 
       By utilizing a computer connected with microcontroller 
through communication serial RS-232, we built a hardware 
prototype that can control equipment such as valve selenoid, 
water pumps, a watermill, and electric motor. The system is 
furnished with some types of sensors to monitor the value of 
the parameters of pH, temperature and the level of a water 
pool. The physical model of the hatchery pond of shrimps is 
presented in Figure 1. The size of the hatchery pond is 
100cm x 40cm and 60cm (length, width, height). 
 
Figure 1. The model of the hatchery pond of shrimps. 
 
II. System Design 
 
A. Blok Diagram of the Sistem 
Blok diagram of Monitoring and Controlling sytem of pH, 
temperature, and water level in hatchery pond of shrimp, 
which is built in this research, is shown in Figure 2. This 
system consists of 1 unit of PC / Laptop, 1unit PH sensor, 1 
unit Parallax ping sensors, 1 unit Arduino Uno 
microcontroller, a USB cable, 1unit Relay Driver, 1 unit 
Power supply, Driver H Bridge 30A, 1unit 12 volt DC 
motor, 3 units of water pumps, and 1 unit of Solenoid Valve. 
Connection between a PC to the Arduino Uno 
microcontroller is made via USB. USB is very reliable port 
because of the smaller form and high transfer speed. It 
supports two USB modes, full speed (12 Mb / sec) and low 
speed (1.5 Mb / sec). 
 
International Workshop on Modern Research Methods in Electrical Engineering (IWORMEE 2013) 36 
 
 
Copyright ©2013 by Universitas Hasanuddin, Electrical Engineering Department. ISBN: 978-602-8509-19-0 
MIKROKONTROLLER
ARDUINO UNO
LM35
PH 
Sensor
Ping
Sensor
Driver Relay
(ULN 2003)
Valve 
Motor PH2
Motor PH1
Pompa 
Power 
Supply
PC / LAPTOP
H-Bridge 30A Motor Kincir
Figure 2. Blok diagram of the sytem designed. 
Sensor placement: 
a) PH sensor. PH sensor is placed in a bath of water with 
a depth of 20 cm from the surface of the water at a 
maximum height of 43 cm. 
b) Ultrasonic distance sensor. Ping parallax ultrasonic 
distance sensor placed over a water bath with a 
maximum height of 75 cm from the surface of the 
water bath. 
c) LM35 temperature sensor. IC LM35 sensor is placed in 
a bath of water with a depth of 15 cm from the surface 
of the water at a maximum height of 43 cm. 
 
 
 
Figure 3. The controller setup. 
 
 
 
Figure 4. Flowchart of the control system algorithm. 
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Figure 3 presents the controller setup that is based on 
Microcontroller. Figure 4 shows the flowchart of the control 
system algorithm implemented on the microcontroller. 
 
B. Design Flow  
The controller system design flow is made through the 
following works:    
1. Setting the USB or serial port with rete band 9600 8 n 1 
(speed of 9600 bits, 8 bytes, n = number party, 1 = stop 
bit / separator).  
2. Monitoring serial data test is made by connecting the 
Arduino with USB port setting. The PH sensor is 
connected to the analog port A0. The temperature sensor 
is connected to an analog port A1, ultrasonic distance 
sensor is connected to digital pin port D5 and switch 
inputs to the water discharge is connected to port D11 
digital. 
3. Motor pH1, which serves to inject a solution of lime, 
will be active when the measured pH value is less than 
6.00 and will remain active until the pH value of the 
measurement result is more or equal to 7.5. 
4. Motor pH2, which serves to inject a solution of sulfur, 
will be active when the measured pH value is over 8.5, 
and will remain active until the PH value of the 
measurement results is less than or equal to 7.5.  
5. Valve which is used to perform the drainage basin, 
which is connected to the digital port D2, will be active 
when the switch is pressed, and will remain active until 
the water level is less than 35 cm. 
6. Pump motor 3 which serves to replenish the water in the 
tub will be active when the water level is less than 35 
cm, and will remain active until the surface has reached 
a height of 43 cm. 
7. Motor-driven paddle wheel 30A H bridge, which gets 
input from the PWM digital PWM port D9, will rotate at 
a speed that depends on the value of the temperature. 
The change will be achieved at 37 degrees Celsius at 
maximum rotation. 
        
C. Testing of the System 
The testing phases of the application consist of:  
1) Phase of initial stage. At this stage would be to identify 
existing problems. 
2) Phase of design and manufacture. At this stage of the 
design, providing all the necessary components, then 
assemble and create tools, as well as filling program - a 
program that is needed. Components - components that 
need to be prepared include: PC or leptop, 1 Arduino 
Uno module, USB cable, pH sensor, temperature sensor, 
ultrasonic distance sensor. Stages of manufacturing starts 
with setting up an Arduino Uno version 0023 and 
Borland Delphi 7 and comport component library. Then 
create a program that works on arduino analog sensor to 
read pH and temperature sensor, and digital ultrasonic 
distance sensor. Once the sensor is read, it will send the 
data to a computer through a USB port. Sensor data 
monitoring program of the microcontroller to the PC is 
made using the programming language Borlan Delphi 7. 
3) Phase of testing tools. At this phase of testing and testing 
tools that work directly test the tool, and then collect the 
data. The data is compiled at the end of the study. 
Testing is done by connecting the PC to the Arduino via 
the USB cable that is connected to the sensors. Then the 
accuracy of the readings from the sensor is verified. 
4) Evaluation phase. At this phase, the overall evaluation 
and analysis of the work are made. Conclusions are then 
drawn finally based on the experimental results. 
 
III. Measurement and Verification 
From the measurement results obtained from sensor 
readings in the monitoring view can be seen in the following 
graphs.
  
Figure 5. PH value control when less than 6.00 
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Figure 6. PH value control when more than 8.50 
 
 
 
 
Figure 7. Testing of water discharge. 
 
 
As shown in Figure 5, as the PH is less than 6.00 is 5.74 
as shown in the first sampling time, there will be a solution 
of lime reinjection process to raise the pH value. Injection 
process will be active until the PH value obtained is equal or 
greater than 7.5 is 7.54. As seen in the data to-84, with a 
sampling time of 330 seconds. 
As presented in Figure 6 while testing the PH over 8.5 
8.78 as shown in the first sampling time, it will be done 
reinjection process acid to lower the pH value. Injection 
process is activated to obtain the same pH value of 7.5 or 
less is 7.48 as shown in the data sampling time of 217 
seconds. 
     As presented in Figure 7, it can be seen that when water 
level is at a height of 43 cm, there will be a decrement 
process in water levels, and this process will continue to be 
active until the water level has reached 34 cm as shown in 
the sampling time of 292 seconds 
 
 
0 50 100 150 200 250
7
7.5
8
8.5
9
Sampling Time(Second)
P
H
0 50 100 150 200 250 300
30
35
40
45
50
Sampling Time(Second)
L
e
v
e
l 
P
e
n
g
o
s
o
n
g
a
n
 (
c
m
)
International Workshop on Modern Research Methods in Electrical Engineering (IWORMEE 2013) 39 
 
 
Copyright ©2013 by Universitas Hasanuddin, Electrical Engineering Department. ISBN: 978-602-8509-19-0 
 
Figure 8. Testing of water charging. 
 
 
Figure 9. Temperature changes and testing of PWM output 
       
       As presented in Figure 8, it can be seen that when the 
water level is at a height of 34 cm of water, there will be an 
increment process in water levels, and this process will 
continue to be active until the water level has reached 43 cm 
as shown in the sampling time of 247 seconds. 
As shown in Figure 9, the temperature sensor is read as a 
reference to the microcontroller PWM output. At maximum 
temperature of 36° C with a 240 PWM output, H-Bridge 
output voltage is 11.38 volts. At temperatures of 35° C with 
a 224 PWM output, H-Bridge output voltage is 10.63 volts. 
At temperatures of 34° C with a 209 PWM output, H-Bridge 
output voltage is 9.92 volts. At temperatures of 33° C with a 
193 PWM output, H-Bridge output voltage is 9.16 volts. 
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And at a minimum temperature of 32° C with a 178 PWM 
output, H-Bridge output voltage is 8.44 volts. 
 
IV. Discussion 
       From the results of tests carried out, the experimental 
result shows that the purpose of the work has been achieved, 
in which the controls of the level of the pH, the temperature, 
and the water levels are in accordance with setting point 
given from the previous study entitled  “Pengendalian pH 
air dengan metode PID pada model tambak udang” written 
by (Kristianto. 2011). The previous work resulted in a 
control system for the pH and water levels with the reins 
PID, in which they first determine the value of the 
parameters ti, and then look response td fluctuations of the 
system when there is a change in value the pH on the model 
of shrimp hatchery. The pH values is fixated on one point. 
Thus it was less flexible and not ideal to apply at the 
harchery pond of shrimps, because the shrimps 
characteristic requires the variation of the pH level with 
certain range.  
In our work, the pH control is done by regulating the 
maximum and minimum value, namely range between 6,00 
up to 8.50. This is the ideal range of value. The control the 
temperature is also made. A paddle wheel round would 
affect the concentration of oxygen in the water, where at the 
time the temperature rises, the concentration of oxygen in 
the water will be reduced. This is compensated with the 
increase in the rotation speed of the pinwheel. Thus it would 
increase the concentration of oxygen in the water and reduce 
the temperature accordingly. 
Process of replacing water at this study is done by 
performing the process of disposal of wastewater as many as 
20%. The control the water level is made by setting the limit 
of the minimum height and maximum with range between 
34 cm up to 43 cm. 
 
V. Conclusions and Future Works 
The conclusion that can be written in this research are: 
1. With the monitoring and control system using the 
Arduino microcontroller, the user in this case shrimp 
farmers will be facilitated, because the system will 
automatically control the parameters that determine the 
pH of a shrimp pond as temperature and water level 
should always be controlled to obtain better yields. 
2.  On-off control system uses two pumps as an actuator, it 
can keep the pH value in the range of 6.00 to 8.50. 
Where the test results at the time of PH value is less than 
the minimum time required to restore the value to 7.50 
about 330 seconds. And when the PH value is more than 
the maximum time required to return to the value of 7.50 
around 217 seconds. 
3. Value changes in temperature sensor readings as a 
reference to the microcontroller PWM output changes, it 
can adjust motor speed windmill at which time testing at 
temperatures of 36 ° C maksimium 240 with PWM 
output H-Bridge output voltage of 11.38 volts. At 
minimum temperature 32 ° C with a 178 PWM output H-
Bridge output voltage 8.44 volts. 
4.  On-off control system using a single valve and one pump 
as actuator, it can keep the water level at a height of 34 
cm with a range up to 43 cm. Where the results of testing 
at the time of disposal of water it takes to reach the 
minimum threshold around 292 seconds. And by the 
time the water was filling the time required to reach the 
maximum limit of approximately 247 seconds. 
 
As for suggestions that can be taken in this research are: 
1. Data storage of sensor readings can result in storage 
string that can be put into a database. So they can be 
opened earlier from data storage. 
2. In terms of further scrutiny and monitoring, we can pair 
WIFI tools making it easier for monitoring via wireless 
network. 
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